This article investigates the relationships between the U.S. and Japanese stock market indices and the prices of modern and impressionist paintings sold at auction in New York by Christies and Sotheby. An art price index is constructed to adjust for heterogeneity of individual paintings. Time series properties of the art price index are examined in relation with the S&P500 and Topix stock market indices. The art-price index is heteroskedastic and autocorrelated. When the log-returns to art are compared to log-price returns to the S&P500 and TOPIX stock indices, a single, common, long-term stochastic trend in the three indices is found. In the short run, log-changes of art prices are related to current and lagged log-changes of the TOPIX index only (JEL C22, G12, G15, L15).
I. Introduction
The question of what determines art prices is an intriguing one. It is commonly argued that art patrons do not view art as an investment. One also hears that art serves primarily as a hedge against inflation. Interestingly, many active participants in the art market are of the opinion that art prices follow the behavior of the stock market. In an article written in Barrons by Mahar (1987) during the art boom in the late 1980s, Christopher Burge, president of the American branch of Christies auction house, drew a parallel with the early 1970s:
"In 1973, things got very heated. There was a lot of money around. Foreign currencies were strong. The Italians and Swiss were buying. The Japanese were buying impressionists. Then the stock market fell, and we got all those people fleeing the stock market for a very dangerous five or six months, looking for a hedge. Then the oil crisis hit, the Japanese disappeared, and the pit props were knocked out from under our market."
In the same article, David Nash, director of fine arts for Sotheby's auction house, attributed the buying boom to the entrance of Japanese investors in the market.
"Today the Japanese are also the big spenders boosting impressionist paintings. And at any auction, it takes only two Japanese-a top bidder and an underbidder-to create levels well above the underlying market. ...Nash estimates that the Japanese make up roughly a third of the buyers in this field. If the stock market in Japan collapses, causing Japanese investors to repatriate the money, the false bottom could drop out of that top-drawer art market."
Comparison of the merits of these contrasting views is difficult because little statistical evidence exists linking the behavior of art prices over time to stock prices or other factors.
The purpose of this article is to examine the impact of U.S. and Japanese equity markets on art prices. For this purpose, an art price index, adjusted for heterogeneity, is used. The index is constructed from a sample of impressionist and modern paintings sold at auctions held by Sotheby and Christies in New York using a hedonic price equation.
Section II presents some of the issues involved in estimating returns to art and art price indices and provides a short review of the existing literature on the subject. Section III discusses the sample, the variables, 1. Owners may lend paintings for a fee to compensate them for the loss of possession. Data on these fees are, however, not readily available.
2. Christies and Sotheby's conduct most auctions of impressionist and modern art in the months of February, May, and November. and the empirical methodology used to estimate the art price index. Also, it provides some preliminary statistics on the art price, the U.S., and the Japanese stock indices. Section IV presents the main empirical findings. Summary and conclusions are presented in section V.
II. Estimation of Art Prices and Findings
Art differs from financial assets, which usually generate periodic cash flows. For most art owners, implicit rents to ownership accrue from the aesthetic benefits of possession and from the status derived from ownership and possession. The cash equivalents of these benefits are not measurable. Nor are the cost figures for storage and maintenance, which are important components of cash flows, readily accessible.
1 For these reasons, although existing work on the investment performance of art often reports results in terms of the total returns to art, extant measures of returns to art are limited to measures of price appreciation. All references to art returns below refer only to measures of returns in terms of price appreciation.
The market in impressionist and modern paintings is maintained by two competing auction houses that report art-price transactions for a large number of paintings. A problem encountered in measuring prices stems from the fact that not all paintings are traded at auction. Paintings at the low end of the market tend not to be traded, and many valuable paintings, once acquired by museums, are not traded. Returns based upon auction prices thus suffer from selection bias at both the low and the high ends of the market. Moreover, paintings are less liquid than common stock, because art auctions are held infrequently, and because sellers and buyers incur large transaction costs.
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A conceptually more fundamental problem in measuring prices is heterogeneity of art. The ability of the market to set efficiently expected rates of return on objects of art depends upon whether art investors are able to find a way to pierce the veil of heterogeneity and to evaluate the investment performance of individual works of art, such as paintings and sculptures, in relation to each other and to other assets, e.g., Baumol (1986) .
One method of estimating returns of heterogeneous paintings is to construct price indices of fixed collections of art works that are periodically appraised by experts, e.g., Matsumoto, Andoh, and Hoban (1994) . Another method is to use resales of art to construct a time series of market values from which rates of price increase are calculated, e.g., Pesando (1993) and Goetzmann (1993) . The hedonic price estimation method used to construct the art-price index in this article adjusts paintings for their individual characteristics and uses the adjusted prices to construct a time series of art prices. Table 1 summarizes the findings on art prices of several published articles based on different data and time periods. The findings are quite diverse, but general conclusions can be summarized as follows:
1. The returns to art, as measured solely by price changes, are lower than returns to other assets. Returns in the past 50 years, however, are greater than those realized over longer periods. These higher returns occurred during periods of accelerated inflation rates. The latter may be due to wealth holders using that art as an inflation hedge.
2. Standard deviations of art returns are large relative to other assets. For example, Goetzmann (1993) finds the annual standard deviations of returns for paintings to be 56.5%, which is roughly three times that of major world stock market indices.
3. There is evidence that the returns for paintings are positively correlated with stock-price index returns. Goetzmann (1993) finds the correlation between stock index returns and paintings returns to be .67 and Pesando (1993) to be .30. Moreover, beta estimates for art returns range from .32 to over 1.
III. Estimation of Art Prices

A. Sample and Variables
The sample includes 5,898 transactions of impressionist and modern paintings sold at 147 auctions during the period May 1977 to May 1995. Most of these auctions took place in November, February, and May. The paintings represent the work of 236 artists. The average number of days between auctions is 55. Auction prices of paintings in the sample range from $2,750 to $82.5 million. Data on various attributes for these paintings are collected from the auction catalogs printed by Sotheby and Christies in New York.
3 Table 2 provides a list of potential explanatory variables for the hedonic price equation of art paintings. The dummy variables for the months of November (Nov), February (Feb), and May (May) are constructed to examine whether the month of sale influences average sale prices of paintings. The dummy variable for paintings sold during the second or third day of a multi-day auction or on a Monday following a Friday's auction (Samauc) is intended to account for influences (spillovers) from the first day's sales. Dummy variables are also introduced for each of the 236 artists represented in the sample (Artistj), the materials used, the auction house, subject matter of the painting, the date and signature, and information on the painting's history, including ownership, number of public exhibitions, number of owners, and discussions of the painting in the art literature.
B. Hedonic Pricing Model for Art Works
The prices of individual paintings depend on a common set of observable physical, historical, and other attributes. Each attribute contributes to the overall price of the painting. Let P i,t be the price of painting i sold at time t and be an attribute
2 K vector. For example, X i,1 may represent the size of the painting in square inches; i.e., for a painting of one square foot, X i,1 = 144.
The art-price equation is estimated using a semi-log specification for the price of each painting. This specification is often employed in price equations because of its flexibility in capturing nonlinear relationships between price and the various commodity attributes. The estimated regression model is 
The regression residuals have a zero mean in the overall sample and they are orthogonal (uncorrelated) with the attribute vector X i . Nevertheless, they retain the time-series properties of the prices of individual paintings.
Let N t denote the number of paintings auctioned during period t. The mean of the residuals for period t, which may not be zero, is
The measure V t is an aggregate index for the prices of paintings sold during period t adjusted for heterogeneity. As such, V t provides an estimate of the behavior over time of the average value of paintings independent of the attributes of individual paintings sold on each auction date. It can be easily shown that V t is equal to the geometric average of the relative prices of all paintings sold during period t, 4 V t is well-suited for time series analysis. Its reliance upon
actual market transactions is an advantage over indices that are based upon appraised values. 5 The distribution of lnV t is expected to be similar to those of stock market indices. This allows the use of standard regression techniques to estimate stock price-art-price relationships over a relatively short period of time.
An additional advantage of the above approach is that the constructed price series V t is consistent with the manner in which auction house as well as art investors use historical prices to learn about the behavior of returns to art over time. Specifically, auction houses and investors (buyers) hire art experts to prepare estimates of the selling prices of paintings to be auctioned. These experts evaluate the merits of each painting to be auctioned on a basis of attributes such as its physical and aesthetic characteristics. Price estimates based on equation 1 are, however, useful only to the extent that the underlying functional form relating the prices and attributes of individual paintings is correct and the regression explains a large portion of the variance of prices.
C. Estimation of the Hedonic Pricing Model
The regression model in (1) is estimated using OLS. Table 3 presents the estimated regression coefficients for painting characteristics and artists that have a significant impact on art prices. The equation explains 60 percent of the variance in art prices independent of the temporal changes in art prices. The ten most important explanatory variables, in decreasing F-value sequence, are Exhibits, Owners, Feb, Oil, Literature, Size, Size2, House, Nov, and May. Together they explain 40 percent of the variance. The variables Exhibits, Owners, and Literature contain information about the painting's history and reveal information about critical appraisal of the painting. Feb, Nov, and May show that paintings sell for a discount in the month of February, and for a premium in the months of November and May. Oil, Size, and Size2 represent physical characteristics of the paintings. The variable House indicates that, ceteris paribus, Christies auction prices are higher than Sotheby's. The results in table 3 indicate that the subject matter of a painting has little influence on the market value of art, and that signed and dated paintings command a premium. Traditional canvas surface also commands a premium. According to the art-price equation, the price of an average (typical)-sized painting painted in oil on canvas, dated and signed with an average provenance and an artist coefficient of zero, is exp(3.83) = $46,040.
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Of the 236 artists in the sample, 54 have a statistically significant impact on art prices at a 5% level of confidence. The significance of an artist depends upon the number of paintings traded and upon the size of the premium or discount associated with the artist's paintings. Panel B of table 3 reports the coefficients for individual artists that have significant coefficients in the art price equation. For example, a typical painting painted by Van Gogh, who has a coefficient of 2.6855, is Some of these variables shed light upon the auction process. Other things being equal, paintings sold at auctions held on a day following a previous auction sell for a 7% discount. Art prices also appear to vary by the month in which the auctions are held. Most auctions are held in November, February, or May. Prices in the May and November auctions are substantially higher than those in February.
The hedonic equation substantially reduces the unexplained variance of the art price series. The residual variance from the hedonic equation is one-tenth the variance of the log of unadjusted art prices, ln P i . Better estimates of P i result in improved estimation of the time series properties of V t in sections III.D, and in IV of the paper.
D. Time-Series Behavior of the Art-Price Index, lnV t
The observations for all paintings sold at auctions held within 28 days of one another are combined into a single observation whose date is assumed to be the date of the earliest auction held within the 28-day period. The resulting aggregate index lnV t has 53 observations spanning the period May 1977 to May 1995. The time-intervals between these observations vary from 28 days to 365 days. Art-price index observations are matched by date with the S&P500 and the TOPIX stock price indices. Figure 1 presents a log-scaled graphical illustration of the three series. All three series exhibit a general upward drift. The rates of increase of art prices and of the TOPIX index accelerate in the late 1980s. Both series decline in the early 1990s. Note also that the variances of price movements of art and Japanese stock prices increase in the late 1980s as the rate of price increases accelerates.
All three series behave like random walk processes with a drift. This issue is investigated using the augmented Dickey-Fuller (ADF) method; see Fuller (1979, 1981) . The equations estimated are the first difference operator, k is the number of lag values, and t is time. Note that Y t = lnV t for the art series, Y t = lnSP t for the S&P500 stock market index, and Y t = lnTP t for the TOPIX index. Table 4 presents the ADF statistics for testing the null hypothesis of a unit root H 0 : 1 = 0 against the alternative hypothesis of a stationary time-series H 1 : 1 < 0. The ADF statistics for the log of stock price indices support the null hypothesis of a unit root at the 5% level of significance. The ADF statistic for the art-price index is inconclusive because of the presence of autocorrelation in the art-price series. Table  4 also presents the ADF test statistics for the log-returns series, i.e., R V,t = lnV t , R US,t = lnSP t , and R JP,t = lnTP t .
8 All ADF statistics reject the null hypothesis of a unit root in these series. Unlike the log-level series, the log-return series are stationary processes.
Visual inspection of figure 1 indicates the presence of a common long-term price trend in the three series. Cointegration is consistent with the existence of a common, long-term stochastic trend. This article employs Johansen's (1988) methodology to test for bivariate cointegration of art prices with the U.S. and Japanese stock market prices. Two non-stationary variables are cointegrated if they exhibit a stationary relationship. Tests for cointegration are based upon the following equation: ,
where X t is the vector of the log-series, is the first difference operator, p is the maximum number of lags, and t is a vector of i.i.d. error terms with zero mean and variance matrix . A reduced rank of the matrix 
where is the first difference operator, Y t = lnV t for the art price-index, Y t = lnSP t for the S&P500 stock index, Y t =lnTP t for the TOPIX index. NOBS is the number of observations. The ADF statistics test the hypothesis of a unit root (i.e., 1 =0) in each series. Numbers in parentheses are t-statistics. The F-value tests the joint hypothesis of a unit root and a drift in the series. The critical value for 1 at 5% for NOBS = 50 is -3.22. The null of a unit root cannot be rejected in the cases of lnSP t and lnNK t . The t-statistic for lnV t exceeds the critical value. However, the test is inconclusive in the presence of autocorrelation. lnV t exhibits autocorrelation. In all three cases, the null of a unit root is rejected for the log returns series. Coefficients are approximately -1, indicating log-returns are stationary. The error term of art log-returns is serially correlated. *Indicates rejection of the null hypothesis of a unit root at the five-percent level of significance. reveals cointegration. p is determined by the Akaike best-fit criterion to be one lag for art-prices and the S&P500 index and for art-prices and the TOPIX index, but the test statistics do not strongly reject the presence of higher orders of time-dependence. The rank test for examines the number of characteristic roots that are significantly different from zero. The rank test is based on the following loglikelihood ratio test statistic , where T = 53 is the number of observations in the time series. Table 5 reports the existence of a common stochastic trend underlying the long-run behavior of art and stock prices. The results of table 5 are consistent with the hypothesis that both markets respond to overall economic trends in the U.S. and Japan as reflected in changing GDP and price levels. An alternative hypothesis is that the art is considered as a substitute for equity securities, with art prices driven by stock prices. The two hypotheses are not exclusive. Notes: Rank tests for are based upon the test statistic max (r,r+1)= -53 ln(1-r+1 ). Tests on unrestricted intercepts and restricted trends in the VAR, for T = 52 observations. The null hypothesis of no stochastic trends and the alternative hypothesis of two stochastic trends are rejected. In both cases the test statistic is significant at a 95% confidence interval for one common stochastic trend (Johansen and Juselius [1990] ).
IV. Impact of U.S. and Japanese Stock Markets on Art Prices
The hypothesis that the stock markets in Japan and the U.S. affect prices of art is tested using the following regression model:
,
where R V,t , R US,t , and R JP,t , are respectively the returns for the art, the S&P500, and the TOPIX indices, and t is an error term. The above model is also estimated using a GARCH (generalized autoregressive conditional heteroskadasticity)-type specification for the error term. That is, .
( 9 ) ε σ δ δε σ 
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Results of the statistical analysis are presented in table 6. Models 1, 2, and 3 report OLS specifications of art return equations, and models 4 and 5 report maximum likelihood estimates of art return equations under the assumption that the error term of the equation follows a GARCH process. There is no evidence that short-run art returns are related to the S&P500 stock returns over the sample period. On the contrary, in all models there is evidence that art log-returns are positively related to contemporaneous TOPIX log-returns. Art returns are negatively related to one-period-lagged TOPIX log-returns and positively related to twoperiod-lagged TOPIX log-returns in model 5. The net effect of changes in the TOPIX index is a one-for-one percentage increase in art prices in models 2, 3, and 5. The art return index is strongly heteroskedastic. GARCH maximum likelihood estimation is used in models 4 and 5 to control the variance in art returns. The findings are consistent with the appearance of a causal relationship from Japanese equities to art prices during the latter half of the 1980s. Controlling for heteroskedasticity does not alter the relationships between art price returns and stock market returns found in the OLS specifications.
Findings presented in tables 5 and 6 provide evidence that the forces that propel international equity markets also drive the art market. This finding reinforces perceptions of art market participants during the 1980s. The net short-term effect of Japanese stock prices in Table 6 appears to be positive -concurrent Japanese market developments have a positive influence, lagged one auction date they are negative, and lagged two auction dates in equation 5, positive. The net effect appears to be proportional -a one-percent change in Japanese stock prices is associated with a one-percent change in art prices in equations 2 through 5.
V. Summary and Concluding Remarks
Art prices at auctions held by Sotheby's and Christies in New York City from 1977 to 1995, adjusted for varying physical characteristics and provenance and for auction market characteristics, were significantly related to stock markets over the same period. The returns series were stationary over the sample period. Art-price returns exhibited first-order autocorrelation and heteroskedasticity.
Tests using a first-order vector autoregressive model with an errorcorrection term revealed that art and stock log-prices shared a single, common, long-term trend. While this article did not identify the underlying trend, one could hypothesize that it was not nominal price levels, as stock price increased in the face of a secular decline in inflation over the sample period. More likely, the income elasticity for art was positive, and art prices reflected the increases in wealth and associated income flows that were revealed in growing stock prices.
Price volatility increased in both the art market and Japanese stock markets during the late 1980s. Over the same period, Japanese stock prices climbed sharply and the dollar fell versus the yen, reducing the cost of foreign assets to Japanese Investors. The combination of high Japanese security prices and low yen cost of art, ceteris paribus, made western art an attractive asset to Japanese investors. The quotes reported at the beginning of this paper provide anecdotal evidence that market participants believed that Japanese investors did take advantage of this opportunity, in the process applying unanticipated buying pressure to the market for modern and impressionist paintings. Certainly sellers understood the potential buying power of Japanese investors -major art auction houses opened Far Eastern sales offices in the second half of the 1980s.
As new market participants reduced the capitalization rates required to hold paintings, they introduced new information into the art market. In essence, art market participants argued that demand for modern and impressionist art from Japanese investors was an unexpected phenomenon that caused a temporary upward shift in art prices and led to a sharp increase in price volatility. Art prices subsequently accompanied Japanese equities in a decline that lasted through the end of the sample period. The decline in Japanese equities reflected the country's banking crisis. Over this same period, the U.S. stock market had followed a general uptrend. Statistical support for the above explanation of the short-term behavior of art and Japanese equity markets was also provided. The short-term relationships between art returns (log-changes) and stock returns were evaluated using OLS and ARCH-GARCH equations. The results provided consistent evidence that art returns and Japanese stock market returns were contemporaneously correlated over the sample period. Over the sample period, log-changes in the TOPIX index were associated with proportional changes in log art prices. Miller, Sklartz, and Ordway (1988) provide corroborating evidence from another realasset market during the same period.
This article provides evidence that art prices and U.S. and Japanese equities responded to a common long-term factor during the 1970s and 1980s. The article finds evidence also that Japanese stock prices influenced the short-term behavior of art prices. This evidence supports the hypothesis that investors view art as a positive complement in portfolios containing international equity securities. Art prices respond, like international equities, to expected returns and systematic risk. Equation 4 indicates that, unlike equities, art returns display first-order autocorrelation. Serial correlation does not indicate that investors can make above-normal profits buying and selling art, however, because the art market is less liquid than stock markets. Art investors incur large transaction costs when buying and selling paintings.
Results of the article show that, despite the importance of aesthetic concerns that are specific to individual investors and that dominate a collector's demand for individual paintings, the art market is able to make consistent determinations of market value across many paintings and over time. Moreover, the article demonstrates that art prices are determined in the same international financial market that prices more prosaic equity securities. The article provides analytic methods that can be utilized by art investors, museums, auction houses, and other art market participants to value paintings relative to each other and to other assets over time. Given the large body of historical data on art transactions, market participants can use the techniques employed here to construct models that cover longer time periods and include more observations. These models will be able to accurately evaluate the market potentials of individual paintings when they are employed across a large number of transactions. Using these empirical models, investors can develop improved investment strategies for art collection and disposition. Finally, by bringing yet another real asset under the rubric of systematic risk and expected return valuation, the paper further demonstrates the broad power of the pricing models used in modern finance to explain the behavior of asset returns.
